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METHOD OF MAKING MODIFIED
ACTIVATED CARBON

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119(e) to
U.S. provisional Application No. 60/787,498, filed on Mar.

31, 2006, the entire content of which 1s incorporated herein by
reference.

BACKGROUND

Conventional cigarettes have filter elements that may
incorporate materials such as carbon. Certain commercially
available filter cigarettes have particles or granules of carbon
(e.g., an activated carbon material or an activated charcoal
material) icorporated with the cellulose acetate tow or in
cavities between cellulose acetate material. However many
maternials, including activated carbon, that mechanically,
chemically and/or physically remove constituents from main-
stream cigarette smoke are typically non-selective. These
materials can remove constituents that contribute flavor to
mainstream smoke and, as a result, can 1mpart poor taste
and/or off-taste during the smoking of a cigarette. Accord-
ingly, 1t would be desirable to provide a cigarette filter ele-
ment that 1s capable of removing certain gas phase constitu-

ents ol mainstream cigarette smoke while not adversely
alfecting the flavor of the mainstream smoke.

SUMMARY

According to one embodiment, a process for making modi-
fied activated carbon comprises an activated carbon substrate
and a uniform, porous carbon membrane formed on an
exposed surface of the activated carbon substrate, the process
comprising: (1) providing an activated carbon substrate; (11)
pre-treating the activated carbon substrate to make an
exposed surface of the activated carbon substrate substan-
tially hydrophilic; (111) coating the activated carbon substrate
with a carbon precursor to form a coated activated carbon
substrate; and (1v) heating the coated activated carbon sub-
strate at a temperature suilicient to carbonize the carbon pre-
cursor to form the uniform, porous carbon membrane.

The modified activated carbon made according to the pro-
cess comprises the activated carbon substrate and a uniform,
porous carbon membrane formed on an exposed surface of
the activated carbon substrate. The activated carbon substrate
can be in the form of beads, granules, or fibers. Multiple
coatings of carbon precursor can be applied and carbonized to
control the thickness and/or surface porosity of the carbon
membrane.

The activated carbon substrate can comprise particles of
activated carbon, which can have an average particle size of
from about 100 microns to 5 mm or from about 200 microns
to 2 mm. Preferably, the activated carbon substrate has an
average pore size of less than about 500 Angstroms, or a pore
size distribution comprising greater than about 20%
micropores (and fewer than about 80% mesopores), more
preferably greater than about 80% micropores. The surface
area of the activated carbon substrate can be greater than 50
m-~/g (e.g., greater than 200, 500 or 1000 m~/g).

The pre-treating preferably comprises spraying the acti-
vated carbon substrate with and/or immersing the activated
carbon substrate in an aqueous solution comprising a surfac-
tant. A preferred surfactant 1s cetyltrimethylammonium chlo-
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2

ride and a preferred pre-treatment solution comprises from
about 1 to 99 wt. % surfactant, more preferably from about 1

to 25 wt. % surfactant.

After incorporating the surfactant in and/or on the activated
carbon substrate, the activated carbon substrate can be dried
preferably at a temperature of less than about 120° C. prior to
coating with a carbon precursor.

The coating preferably comprises spraying the pre-treated
activated carbon substrate with and/or immersing the pre-
treated activated carbon substrate in a solution comprising the
carbon precursor. The coating can be done at room tempera-
ture. Suitable carbon precursors include saccharides, disac-
charides, polysaccharides, fructose and ethyl cellulose, and a
preferred carbon precursor solution comprises from about 1
to 99 wt. %, more preferably between about 20 and 60 wt. %
carbon precursor. A preferred carbon precursor 1s sucrose.

The carbon precursor can be incorporated in an amount to
grve Irom about 1 to 150% by weight, preferably from about
20 to 80% by weight, of the carbon precursor in and/or on the
pre-treated activated carbon substrate.

After coating the activated carbon substrate, the coated
substrate can be dried at a temperature of less than about 120°
C. and then heated, preferably at a temperature of {from about
150° C. t0 400° C., to form the carbon membrane. The coated
substrate 1s preferably heated in an oxidizing atmosphere
(e.g., 1 air). After converting the carbon precursor to the
carbon membrane, the carbon membrane can comprise from
about 1 to 150% by weight of the activated carbon substrate.
The average pore size at the surface of the modified activated
carbon (i.e., the pore size of the carbon membrane) can be
different than the average pore size at the surface of the
activated carbon substrate. Preferably, the modified activated
carbon has an average surface pore size that 1s at least 25%
less than the average surface pore size of the activated carbon
substrate.

The carbon membrane forms a uniform porous coating on
the activated carbon substrate and preferably covers at least
80% of the exposed surface of the activated carbon substrate
and/or the carbon membrane has an average thickness having
a standard deviation that 1s less than about 25% of the average
thickness. Preferably, the carbon membrane has an average
thickness of from about 1 micron to 0.1 mm. By providing a
uniform porous carbon coating on the activated carbon sub-
strate, the filtration characteristics and/or mechanical integ-
rity of the modified activated carbon can be improved with
respect to the activated carbon substrate. For example, the
modified activated carbon may selectively remove targeted
gas phase constituents from mainstream cigarette smoke
while advantageously producing less dust than the activated
carbon.

According to another embodiment, a cigarette comprises
modified activated carbon particles. The modified activated
carbon particles are preferably incorporated 1n the filter ele-
ment of the cigarette. However, the modified activated carbon
particles can be located 1n other components of the cigarette,
such as 1n the tobacco cut filler.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a diagram of a batch type tluidizing bed apparatus,
which can be used to treat activated carbon particles with a
carbon precursor.

FIG. 2 1s a diagram of a continuous type fluidizing bed
apparatus, which can be used to treat activated carbon par-
ticles with a carbon precursor.

FIGS. 3A and 3B show SEM micrographs of as-received

activated carbon particles.
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FIGS. 4A and 4B show SEM micrographs of modified
activated carbon particles.

FIG. 5 1s a graph of percent delivery (relative to a control)
of select gas phase constituents as a function of sucrose con-
tent for modified activated carbon.

FIG. 6 1s a partially exploded perspective view of a ciga-
rette wherein folded paper containing the modified activated
carbon 1s iserted mto a hollow portion of a tubular filter
clement of the cigarette.

FIG. 7 1s a partially exploded perspective view of a ciga-
rette wherein the modified activated carbon 1s incorporated in
a plug-space-plug filter element.

FIG. 8 1s a partially exploded perspective view of a filter
clement having modified activated carbon incorporated
therein, which may be used to form a cigarette that can be
smoked 1n an electrically-heated cigarette smoking system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In one embodiment, a process 1s provided for making
modified activated carbon. The modified activated carbon
comprises a uniform porous carbon membrane on an acti-
vated carbon substrate. The process comprises (1) providing,
an activated carbon substrate; (11) pre-treating the activated
carbon substrate to make an exposed surface of the activated
carbon substrate substantially hydrophilic; (111) coating the
activated carbon substrate with a carbon precursor to form a
coated activated carbon substrate; and (1v) heating the coated
activated carbon substrate at a temperature suificient to car-
bonize the carbon precursor to form the uniform porous car-
bon membrane. The steps of coating the activated carbon
substrate with a carbon precursor and heating the coated
activated carbon substrate to form the carbon membrane can
be repeated to form a carbon membrane having the desired
thickness, surface coverage and/or surface porosity.

Solutions comprising a compound used for the pre-treat-
ment and/or solutions comprising the carbon precursor can be
applied to the activated carbon substrate (e.g., particles of
activated carbon) by spraying the carbon with a solution or by
immersing the carbon in a solution. The pre-treatment com-
pound and/or the carbon precursor can be icorporated in
and/or on the activated carbon substrate via absorption and/or
adsorption.

According to a preferred method, an activated carbon sub-
strate 1n the form of beads, granules or fibers can be 1ntro-
duced into a vessel, tluidized by introducing a fluidizing gas
into the vessel, and the pre-treating or the coating can be
carried out by introducing a solution of at least one pre-
treatment compound or at least one carbon precursor into the
vessel while the activated carbon substrate 1s 1n a fluidized
state. Solutions of the pre-treatment compound and/or carbon
precursor can also be incorporated 1n and/or on the activated
carbon substrate using the incipient wetness technique
wherein the activated carbon substrate 1s immersed in the
solution for a specified period of time and then dried.

The steps of pre-treating, coating and heating produce an
activated carbon that 1s coated with a uniform layer of porous
carbon (1.e., modified activated carbon). The absorptive char-
acteristics, adsorptive characteristics and/or mechanical
properties of the modified activated carbon can be controlled
by controlling the formation of the carbon coating. For
example, the porosity of the carbon coating can control the
kinetics of absorption/adsorption by the activated carbon sub-
strate. The carbon membrane can reduce the amount of dust
tormed from the activated carbon substrate during processing
(e.g., during incorporation of the modified activated carbon
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4

into one or more components of a cigarette), during cigarette
storage and/or during smoking. Also provided are cigarette
filters and cigarettes having the modified activated carbon
incorporated therein.

By “activated carbon” 1s meant any porous, high surface
area form of carbon. Activated carbon can be derived via
thermal treatment of any suitable carbon source. The activa-
tion treatment typically increases the porosity and activated
carbon can be provided with a wide range of pore sizes or the
pore sizes can be controlled to provide a desired pore size
distribution.

In a preferred embodiment, the activated carbon comprises
granulated carbon particles ranging in size from about 100
microns to 5 mm. For example, the carbon particles can be
carbon pellets having sizes of about 0.2 to 2 mm (e.g., about
200, 500, 1000 or 2000 microns).

The activated carbon substrate can have any desired pore
s1ze distribution that comprises pores such as micropores,
mesopores and macropores. The term “microporous” gener-
ally refers to such materials having pore sizes of about 20
Angstroms or less while the term “mesoporous™ generally
refers to such materials with pore sizes of about 20-500 Ang-
stroms. A preferred activated carbon substrate comprises
20% or more micropores (1.€., 80% or less mesopores). A
more preferred activated carbon substrate comprises at least
80% micropores. By depositing a carbon precursor and form-
ing a carbon membrane on an exposed (€.g., external) surface
of the activated carbon, the relative ratio of micropores, meso-
pores and macropores can be controlled 1n order to control the
absorptive and/or adsorptive selectivity of the modified acti-
vated carbon with respect to selected gaseous constituents
(e.g., gaseous constituents 1 a tobacco smoke stream).

The modified activated carbon can filter one or more
selected constituents from mainstream smoke. The term
“mainstream” smoke includes the mixture of gases passing
down the tobacco rod and 1ssuing through the filter end, 1.e.,
the amount of smoke 1ssuing or drawn from the mouth end of
a smoking article during smoking of the smoking article. The
mainstream smoke contains smoke that 1s drawn 1n through
both the lit region of the smoking article, as well as through
the paper wrapper.

The activated carbon can be selected to have an appropnate
surface area to preferentially adsorb selected constituents
from cigarette smoke. Activated carbon typically has a sur-
face area greater than about 50 m?/g (e.g., at least about 100,
200, 500, 1000 or 2000 m>/g). Typically, the absorptive
capacity of activated carbon increases with increasing surface
area. Furthermore, surface area increases with decreasing
particle size. When used as cigarette filter material, however,
activated carbon particles having a small particle size may
pack together too densely to permit mainstream smoke to
flow through the filter with desired resistance to draw (RTD)
during smoking. On the other hand, 11 the particle size 1s too
large there may be 1nsuflicient surface area to accomplish the
desired degree of filtration. Therefore, such factors can be
taken 1into account 1n selecting an activated carbon having a
particular particle size.

A particularly preferred activated carbon 1s commercially
available (e.g., from PICA USA, Inc., Truth or Conse-
quences, N. Mex.). The activated carbon could also be manu-
factured via the carbonization of coconut husk, coal, wood,
pitch, peat, cellulose fibers, lignite and olive pits. Carboniza-
tion 1s usually carried out at elevated temperatures, e.g., 400-
1000° C. 1n an inert atmosphere, followed by activation (i.e.,
calciming) typically mn an atmosphere of steam or carbon
dioxide. The activated carbon substrate can be 1n the form of
beads, granules and/or fibers.
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The pre-treatment can modily an exposed surface of the
activated carbon. During the pre-treatment, a compound 1n
solution 1s absorbed and/or adsorbed by the activated carbon,
¢.g., the pre-treatment compound can be incorporated on the
exterior and/or interior surfaces of the activated carbon. The
pre-treatment compound, which 1s used to render the exposed
surtface(s) of the activated carbon substantially hydrophailic, 1s
preferably a surfactant (1.e., amphiphilic compound).

Surfactants are typically organic compounds that contain
both a hydrophobic moiety and a hydrophilic moiety. The
surfactant can be an anionic, an amphoteric, a zwitterionic, a
nonionic, or a cationic surfactant, or combinations thereof. A
preferred pre-treatment compound 1s cetyltrimethylammo-
nium chloride. For example a 10 wt. % solution of cetyltrim-
cthylammonium chloride 1n water can be incorporated onto
the activated carbon by immersing the activated carbon in the
solution.

The surfactant can be an anionic compound. Suitable
anionic compounds 1nclude but are not limited to alkyl sul-
tates, alkyl ether sulfates, alkyl or alkaryl sulfonates, alkyl
succinates, alkyl sulfosuccinates, alkyl phosphates, alkyl
cther phosphates, alkyl ether carboxylates, alkylamino acids,
alkyl peptides, carboxylic acids, acyl and alkyl glutamates,
alkyl 1sethionates, and alpha-olefin sulfonates, especially
their sodium, potassium, magnesium, ammonium and mono-,
di- and triethanolamine salts. The alkyl groups generally con-
tain from 8 to 18 carbon atoms and may be saturated or
unsaturated. The alkyl ether sulfates, alkyl ether phosphates
and alkyl ether carboxylates may contain from 1 to 10 ethyl-
ene oxide or propylene oxide units per molecule, and prefer-
ably contain 1 to 3 ethylene oxide units per molecule.

Examples of suitable anionic surfactants imnclude sodium
and ammonium lauryl ether sulfate (with 1, 2, and 3 moles of
cthylene oxide), sodium, ammonium, and triethanolamine
lauryl sulfate, disodium laureth sulfosuccinate, sodium
cocoyl 1sethionate, sodium C12-14 olefin sulfonate, sodium
laureth-6 carboxylate, sodium C12-135 pareth sulfate, sodium
methyl cocoyl taurate, sodium dodecylbenzene sulfonate,
sodium cocoyl sarcosinate, triethanolamine monolauryl
phosphate, and fatty acid soaps.

Nonionic surfactants can include but are not limited to
aliphatic (C,-C, ) primary or secondary linear or branched
chain acids, alcohols or phenols, alkyl ethoxylates, alkyl phe-
nol alkoxylates (especially ethoxylates and mixed ethoxy/
propoxy), block alkylene oxide condensates of alkyl phenols,
alkylene oxide condensates of alkanols, ethylene oxide/pro-
pylene oxide block copolymers, semi-polar nonionics (e.g.,
amine oxides and phospine oxides), as well as alkyl amine
oxides. Other suitable nonionics include mono- or di-alkyl
alkanolamides and alkyl polysaccharides, sorbitan fatty acid
esters, polyoxyethylene sorbitan fatty acid esters, polyoxy-
cthylene sorbitol esters, polyoxyethylene acids, and polyoxy-
cthylene alcohols. Examples of suitable nomionic surfactants
include coco-mono- or di-ethanolamide, coco-di-glucoside,
alkyl polyglucoside, polysorbate 20, ethoxylated linear alco-
hols, cetearyl alcohol, lanolin alcohol, stearic acid, glyceryl
stearate, PE(G-100 stearate, and oleth 20.

The surfactant can be an amphoteric or zwitterionic sur-
factant. Amphoteric and zwitterionic surfactants are those
compounds which have the capacity of behaving either as an
acid or a base. Examples of amphoteric surfactants include C,
to C,  sultaines such as coco-sultaine and cocoamidopropyl
hydroxysultaine; C, to C, , fatty derivatives of amino acids
such as cocoamphocarboxyglycinate and lauramphoglyci-
nate; C, to C, 4 alkyl betaines such as decyl betaine, coco-
betaine, lauryl betaine, myristyl betaine and stearyl betaine;
and C, to C,; amidoalkyl betaines such as cocoamidoethyl
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betaine, cocoamidopropyl betaine, lauramidopropyl betaine,
myristamidopropyl betaine and oleamidopropyl betaine

The surfactant can be a cationic surfactant. Suitable cat-
1ionic surfactants include but are not limited to alkyl amines,
alkyl 1midazolines, ethoxylated amines, quaternary com-
pounds, and quaternized esters. In addition, alkyl amine
oxides can behave as a cationic surfactant at a low pH.
Examples include lauramine oxide, dicetyldimonium chlo-
ride and cetrimonium chloride.

An aqueous or other solvent solution of the pre-treatment
compound can be sprayed onto the activated carbon, or the
activated carbon may be immersed 1n the solution. “Aqueous”™
as used herein refers to mixtures (e.g., solutions and emul-
s10ns) that comprise water as a component. An aqueous mix-
ture can also include organic solvents, which are either mis-
cible or immiscible with water. The concentration of the
pre-treatment compound 1n the solvent can be from about 1 to
99 wt. %. A preferred solution of the pre-treatment compound
comprises from about 1 to 25 wt. %, more preferably from
about 1 to 10 wt. %, of the pre-treatment compound 1n a
suitable solvent. Suitable solvents include propylene glycol,
alcohols (e.g., methyl alcohol, ethyl alcohol, etc.), water,
glycerin and mixtures thereof. A preferred solvent for the
pre-treatment compound 1s water. After coating the activated
carbon substrate with a solution of the pre-treatment com-
pound, the pre-treated activated carbon substrate can be air
dried and/or dried 1n an oven at low temperature (e.g., less
than about 120° C., preferably about 100° C.) to form pre-
treated activated carbon. The pre-treatment compound 1s
preferably incorporated over an exposed surface of the acti-
vated carbon substrate and, after drying, results 1n an acti-
vated carbon substrate having a surface (1.e., an exposed
surtace on the interior and exterior of the activated carbon
substrate) that 1s substantially hydrophilic.

A solution comprising the carbon precursor can be incor-
porated 1n and/or on the pre-treated activated carbon sub-
strate. As described below, an aqueous or other solvent solu-
tion of the carbon precursor can be sprayed onto the pre-
treated activated carbon, or the pre-treated activated carbon
may be immersed 1n the carbon precursor solution. The car-
bon precursors are preferably organic compositions. Particu-
larly preferred carbon precursors are saccharides, for
example pentose and hexose; monosaccharides such as glu-
cose; and disaccharides, especially sucrose. Additional car-
bon precursors include polysaccharides, fructose and ethyl
cellulose.

A solution comprising the carbon precursor compound
used 1n making the modified activated carbon may be
absorbed and/or adsorbed by the pre-treated activated carbon,
e.g., the carbon precursor compound can be incorporated on
the exterior and/or interior surfaces of the activated carbon
substrate. By providing a pre-treated activated carbon sub-
strate, an aqueous solution of a carbon precursor can form a
uniform coating of the carbon precursor on the activated
carbon substrate.

Preferably, the carbon precursor compound does not sub-
stantially penetrate into the pores of the activated carbon
substrate. Rather, the carbon precursor compound preferably
forms a uniform coating over the exposed surface of the
activated carbon which, upon decomposition of the carbon
precursor, forms a uniform porous carbon coating capable of
mediating absorption and/or adsorption by the activated car-
bon substrate.

The carbon precursor can be incorporated 1n and/or on the
activated carbon particles using a fluidized bed or, alterna-
tively, the carbon precursor can be sprayed onto the activated
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carbon, or the activated carbon can be immersed 1n a solution
comprising the carbon precursor.

The carbon precursor 1s preferably added 1n amounts of
about 1 to 150%, preferably at least about 10% (e.g., at least
20,40, 60 or 80%=x5% by weight) of the original weight of the
activated carbon. Prior to carbonizing the carbon precursor,
the carbon precursor coating substantially covers the acti-
vated carbon substrate (1.e., the carbon precursor coating
substantially blocks all of the surface porosity of the activated
carbon).

The activated carbon substrate and the carbon precursor
solution are preferably mixed at about room temperature,
though suitable temperatures range from about 0° C. to 80° C.
After the carbon precursor solution 1s incorporated in and/or
on the activated carbon substrate, the coated activated carbon
1s dried at about 80 to 120° C., preferably at about 100° C.,
and then heated at a temperature of about 150 to 400° C. for
a period of from about 1 minute to 72 hours in order to
carbonize the carbon precursor and form the modified acti-
vated carbon. Carbonization of the carbon precursor coating
can create a porous carbon coating. Preferably the carbon
coating formed from the carbon precursor will have an aver-
age surface pore size that 1s different than, more preferably
less than, the average surface pore size of the activated carbon
substrate. For example, the average surface pore size of the
modified activated carbon can be at least 10, 15, 20 or 25%
less than the average surface pore size of the activated carbon
substrate. In a preferred embodiment, the carbon membrane
of the modified activated carbon has an average pore size that
1s at least 25% less than the average surface pore size of the
activated carbon substrate. By changing the surface porosity
of the activated carbon substrate, the absorption and/or
adsorption kinetics of the activated carbon can be changed.

For large quantities, the modified activated carbon can be
made by the following process, wherein a flmdizing bed 1s
used to apply at least one of the pre-treatment compound and
the carbon precursor onto the activated carbon substrate (e.g.,
particles of activated carbon). In the process, activated carbon
particles are introduced 1nto a vessel. In order to fluidize the
particles, a gas such as nitrogen 1s introduced mto the bottom
of the vessel. A solution of the pre-treatment compound or
carbon precursor 1s then introduced 1nto the vessel while the
carbon particles are 1mn a fluidized state. Preferably, these
maternials are incorporated onto an exposed surface of the
activated carbon substrate while maintaining the particles at
ambient temperature, 1.e., the process 1s carried out without
heating the particles. Although the materials are preferably
applied to the upper surface of the fluidized bed, the agitation
of the carbon particles distributes the materials throughout
the bed of carbon particles.

In the fluidizing treatment, an 1nert gas such as nitrogen 1s
used to fluidize the activated carbon particles. The flow rate of
the fluidizing gas will depend on the size of the fluidized bed.
In a preferred embodiment, the flow rate is at least 5 ft°/
minute, more preferably 10 to 20 ft*/minute. The flow rate of
the carbon precursor onto the carbon particles will depend on
the amount of carbon being treated and/or the duration of the
fluidized bed treatment. In a preferred embodiment, the car-
bon precursor 1s applied as a liquid at a flow rate of at least 10
g/minute, e.g., 15 to 25 g/minute for a batch of 25 pounds of
activated carbon. The carbon precursor can be dissolved or
suspended 1n a carrier such as propylene glycol, alcohols
(e.g., methyl alcohol, ethyl alcohol, etc.), water, glycerin and
mixtures thereof, e.g., an aqueous solution containing the
carbon precursor and water. The concentration of carbon
precursor 1n the carrier can be from about 1 to 99% by weight.
A preferred concentration of carbon precursor 1s from about

10

15

20

25

30

35

40

45

50

55

60

65

8

20 to 60% by weight. After the carbon precursor 1s applied to
the carbon 1n the fluidized bed, the fluidizing action can be
continued to promote thorough distribution of the precursor
in the fluidized bed. As an example, the carbon precursor can
be applied to activated carbon particles for a period of 15
minutes and the flmdizing action can be continued for an
additional 5 minutes thereaiter. While not wishing to be
bound by theory, it 1s believed that the fluidizing gas 1s effec-
tive 1n causing the carbon precursor to be distributed uni-
tformly over the carbon particles via mass transfer and/or
particle collisions.

Any suitable vessel that 1s capable of maintaining the acti-
vated carbon particles 1n a fluidized state may be used. Such
vessels can be designed as batch or continuous processing
apparatus. An exemplary batch type fluidized bed arrange-
ment 1s shown 1n FIG. 1 and an exemplary continuous type
fluidized bed arrangement 1s shown in F1G. 2. A highly advan-
tageous feature of the fluidized bed techmque of applying the
carbon precursor to the pre-treated activated carbon substrate
1s that a uniform coating of the carbon precursor can be
obtained on the activated carbon substrate. In the description
that follows, incorporation of the carbon precursor in and/or
on the activated carbon 1s described using a fluidized bed. A
fluidized bed arrangement can also be used to incorporate a
solution of the pre-treatment compound in and/or on the
activated carbon.

In the FIG. 1 arrangement, a vessel 210 1s loaded with
activated carbon 212 and a fluidizing gas tlows upwardly
through openings 1n a distribution plate 214. The gas prefer-
ably comprises an nert gas such as nitrogen supplied through
supply line 216. After passing through the bed of carbon
particles, the flmdizing gas passes through filters 220, 222
and 1s removed from the vessel through exhaust line 218. The
carbon particles can be supplied into the vessel 210 through
teed port 224. 'To clean off accumulated material such as fine
carbon particles, a clearing gas such as nitrogen can be blown
back through the filters 220, 222 via supply line 226. A series
of valves can be used to 1solate the exhaust line 218 from the
supply line 226 whereby nitrogen 1s prevented from tlowing
into supply line 226 when gasses are withdrawn through
exhaust line 218. Likewise, the valves can 1solate the exhaust
line 218 from the blow back gas supplied by supply line 226
during cleaning of the filters 220, 222. The filter cleaning can
be conducted during treatment of the carbon, e.g., nitrogen
blow back can be carried out periodically while the activated
carbon 1s 1n a fluidized state. As an example, if the carbon 1s
treated for 15 minutes, the nitrogen blow back can be carried
out 1 2 second pulses every 60 seconds during the carbon
treatment. A solution of the carbon precursor 1n tank 228 can
be removed by a pump 230 which sends the precursor through
supply line 232 and into the vessel after passing through
nozzles 234, 236. The pretreated and coated activated carbon
particles can be removed from the vessel through a discharge
line 238.

In the FIG. 2 arrangement, a compartmented vessel 240 1s
loaded with activated carbon 242 and a fluidizing gas flows
upwardly through openings 1n a distribution plate (not
shown). The gas preferably comprises nitrogen supplied
through supply line 246. After passing through the bed of
carbon particles, the fluidizing gas passes through filters 250,
251, 252, 253 and 1s removed from the vessel through exhaust

line 248. The carbon particles can be supplied into the vessel
240 through feed line 254.

To clean oft accumulated material such as fine carbon

particles, a clearing gas such as nitrogen can be blown back
through the filters 250, 252 via supply line 256. A series of
valves can be used to 1solate the exhaust line 248 from the
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supply line 256 whereby nitrogen 1s prevented from flowing
into supply line 256 when gasses are withdrawn through
exhaust line 248. Likewise, the valves can 1solate the exhaust
line 248 from the blow back gas supplied by supply line 256
during cleaning of the filters 250-253. The filter cleaning can
be conducted during treatment of the carbon, e.g., nitrogen
blow back can be carried out periodically while the carbon 1s
in a fluidized state. As an example, if the carbon 1s treated for
15 minutes, the nitrogen blow back can be carried out 1n 2
second pulses every 60 seconds during the carbon treatment.

A carbon precursor solution 1n tank 258 can be removed by
a pump 260 which sends the precursor solution through sup-
ply line 262 and into the vessel after passing through nozzles
264, 265, 266, 267. The coated activated carbon can be
removed from the vessel through a discharge line 268. The
vessel 240 can have any desired number of compartments,
¢.g., In the embodiment shown the vessel includes six com-
partments 270, 272, 274, 276, 278, 280 separated by parti-
tions 282, 284, 286, 288, 290. The carbon precursor can be
supplied only to the middle compartments 272, 274,276,278
whereby the first compartment 270 can be used as a loading,
compartment and the last compartment 280 can be used as a
discharge compartment.

Passage of carbon particles from one compartment to the
next 1s achieved by providing one or more opemings 1n the
partitions 282, 284, 286, 288, 290. For example, a single
opening can be provided at the bottom of each partition, e.g.,
a rectangular opening of 1-2 inches by 2-4 inches. To prevent
the carbon particles from tlowing directly from one compart-
ment to the next, it 1s advantageous to offset the openings,
¢.g., the first partition 282 can have an opening near one side
of the vessel and the next partition 284 can have an opening
near the opposite side of the vessel and so on to provide a
tortuous path of travel of the carbon through the vessel.

The fluidized bed of carbon particles behaves like a liquid
with a portion of the fluidized particles being driven upwardly
by the fluidizing gas with some of the particles being trans-
terred from the first compartment 270 into the second com-
partment 272 by tlowing through an opening (e.g., 1 by 2 inch
opening) between the compartments 270, 272 at the bottom of
the partition 282. In like manner, the particles move from
compartment to compartment until they reach the discharge
compartment. Thus, the particles move from compartment to
compartment while 1n a fluudized state and ultimately are
removed from the vessel after a predetermined residence
time. Theresidence time can vary depending on the size of the
vessel and number of compartments. The residence time can
range from 5 to 60 minutes, more preferably 10 to 20 minutes.

The s1zes of the compartments of the vessel are preferably
the same and the carbon precursor can be distributed in the
middle compartments by two or more outlets 1n each com-
partment. The carbon precursor 1s preferably supplied to each
compartment at a flow rate which achieves uniform distribu-
tion of the carbon precursor on the activated carbon particles.
For example, the carbon precursor can be supplied at a flow
rate which results 1n a liquid drops, spray of liquid, or con-
tinuous flow of liquid onto the bed of fluidized particles.
While not wishing to be bound by theory, 1t 1s believed that
uniform distribution of the carbon precursor 1s assisted by the
fluidizing gas which aids mass transier of precursor from
particle to particle as the particles travel in vertical and/or
horizontal directions in the fluidized bed. A preferred outlet
arrangement provides one outlet for distributing the carbon
precursor over an area of 20 to 60in°, e.g., about 30 to 40 in”
at the upper surface of the fluidized bed.

The carbon precursor can be applied to the fluidized par-
ticles at any desired temperature. Preferably, the bed 1s not
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heated and the particles can be at a temperature in the range of
about 0 to 80° C., more preferably about 15 to 30° C. Heating
of the carbon particles during the treatment 1s not required
because adequate coating of the particles with the carbon
precursor can be achieved without heating. Preferably, sub-
stantially all of the carbon precursor introduced into the ves-
sel 1s coated on the carbon particles. In terms of added weight,
the carbon particles can be treated to include from about 1 to
150 wt. % (dry weight) of the carbon precursor.

As mentioned above, the incipient wetness technique can
be used to mcorporate a solution of the pre-treatment com-
pound and/or a solution of the carbon precursor into and/or on
the activated carbon substrate. For example, activated carbon
particles can be immersed 1n an aqueous or non-aqueous
solution of a carbon precursor for a specified period of time
and then dried to incorporate a coating of the precursor on an
exposed surface of the particles. The period of time 1s pret-
erably chosen so as to be sufficient to form a substantially
uniform coating of the compound 1n and/or on the carbon
(e.g., from about 1 to 48 hours, preferably about 12 to 24
hours). A preferred concentration of a solution comprising the
pre-treatment compound 1s from about 1 to 25 by weight, and
a preferred concentration of the carbon precursor solution 1s
from about 20 to 60% by weight. While the activated carbon
1s immersed 1n the solvent containing the precursor solute, the
precursor 1s absorbed and/or adsorbed 1n and/or on the acti-
vated carbon (e.g., onto the exposed surface of the activated
carbon). The carbon precursor can be incorporated into the
activated carbon substrate 1n a single coating step or 1n mul-
tiple coating steps.

After the carbon precursor solution 1s incorporated 1n and/
or on the activated carbon substrate, the coated carbon 1s dried
preferably by air-drying or by heating at a temperature of
from about 80 to 120° C. After drying, the coated activated
carbon 1s heated at a temperature suificient to carbonize (i.e.,
thermally decompose) the carbon precursor and form a car-
bon coating.

The heating time and temperature will depend, at least 1n
part, on the activated carbon substrate, the carbon precursor
and the desired structure of the modified activated carbon.
Modified activated carbon 1s preferably formed by heating the
coated activated carbon at a temperature of less than about
400° C., more preferably less than about 300° C., for a time of
less than about 2 hours, though higher temperatures and/or
longer times can be used. Preferably the thermal budget (i.¢.,
time and temperature) used to decompose the carbon precur-
sor 15 sullicient to convert substantially all of the carbon
precursor to carbon.

The coated activated carbon substrate can be heated 1n an
oxidizing or 1nert atmosphere. An oxidizing atmosphere can
comprise O,, CO, air and mixtures thereof. An 1nert atmo-
sphere can comprise N, Ar, He and mixtures thereof. Without
wishing to be bound by theory, 1t 1s believed that heating 1n an
oxidizing atmosphere, which causes the decomposition and
oxidation of the carbon precursor, creates a larger mean sur-
face porosity than heating 1n an inert atmosphere wherein the
carbon precursor decomposes but does not as readily oxidize.
SEM micrographs of as-recetved activated carbon and
modified activated carbon are shown 1n FIGS. 3 and 4, respec-
tively. FIGS. 3A and 3B show as-recetved PICA carbon. To
form the modified activated carbon shown i FIGS. 4A and
4B, the as-recerved activated carbon was initially immersed
in a 10 wt. % solution of cetyltrimethylammonium chloride,
air dried at room temperature and then oven dried at 100° C.
for 5 hours to form a pre-treated activated carbon. The modi-
fied activated carbon was prepared by immersing 20 g of the
pre-treated activated carbon with 10 g of a 67 wt. % solution
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of sucrose 1n water for 12 hours to form a coated carbon,
drying the coated carbon at 100° C. for about 5 hours, and
then heating the coated carbon at 300° C. for 1 hour. The
surface area of the modified activated carbon atfter heating at
300° C. in nitrogen is about 80 m*/g.

The activated carbon particles can be provided with a load-
ing of about 1 to 150% by weight of the carbon. Without
wishing to be bound by theory, it 1s believed that the total
surface area (as measured by BET) of the modified activated
carbon will be dominated by the micro-porosity of the acti-
vated carbon substrate. Because the porous carbon coating,
does not substantially block access to the micropores, the
total surface area of the modified activated carbon 1s substan-
tially equal to the total surface area of the activated carbon
substrate. Preferably, the total surface area of the modified
activated carbon 1s at least 90%, more preferably at least 95%
of the total surface area of the activated carbon substrate.
While the total surface area of the activated carbon 1s prefer-
ably not substantially reduced, the incorporation of a umiform
porous carbon membrane can alter, preferably decrease, the
average surface pore size ol the modified activated carbon
with respect to the activated carbon substrate. The absorption/
adsorption characteristics of the activated carbon can be con-
trolled by controlling the pore size distribution (e.g., average
surface porosity) in the carbon coating. Furthermore, by pre-
treating the activated carbon (i.e., converting a typically
hydrophobic carbon surface to a substantially hydrophilic
surface) a uniform coating of the carbon precursor can be
tformed on the activated carbon substrate. A uniform carbon
membrane covers at least 80% of the exposed surface (1.¢.,
line-of-sight external surface) of the activated carbon sub-
strate, more preferably at least 90% of the exposed surface
and/or has an average thickness having a standard deviation
that 1s less than about 25%, more preferably less than about
10%, of the average thickness.

The application of a carbon membrane can impart
mechanical robustness to the activated carbon substrate. For
example, by applying a carbon membrane to the activated
carbon substrate the propensity for flaking or dusting of the
activated carbon substrate can be reduced. Preferably the

average thickness of the carbon membrane 1s between about
1 micronand 0.1 mm (e.g., from about 1-3, 2-20, 5-50, 10-20,

40-60, 50-100, or 80-100 microns).

The modified activated carbon can have improved filtration
characteristics relative to the activated carbon substrate. The
carbon membrane can be applied in a manner which allows
the modified activated carbon to reduce the content 1n main-
stream smoke of one or more gaseous constituents such as
1,3-butadiene, acrolein, 1soprene, propionaldehyde, acryloni-
trile, benzene, toluene, styrene, acetaldehyde and hydrogen
cyanide. Preferably, however, the modified activated carbon
does not substantially reduce the concentration in mainstream
smoke of flavor components of the smoke. Thus, the modified
activated carbon can exhibit a decreased retentive capacity
relative to the activated carbon substrate via the incorporation
of a uniform porous carbon membrane that changes the
absorption and/or adsorption kinetics of the activated carbon
substrate. An unmodified activated carbon substrate that 1s
incorporated into a cigarette can remove desirable tlavor com-
pounds and/or impart an undesirable carbon flavor to ciga-
rette smoke during smoking of the cigarette. Advantageously,
the uniform coating of the modified activated carbon can
substantially eliminate the adverse taste associated with acti-
vated carbon.

FIG. 5 shows the percentage reduction relative to a stan-
dard for three gaseous constituents (1,3-butadiene, acrolein,
benzene) using as-recerved activated carbon (corresponding,
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to the data at 0% sucrose) or modified activated carbon 1n an
experimental set up. The sucrose/carbon ratio refers to the
weight gain (1n weight %) of the activated carbon substrate
from the decomposition of a sucrose coating to form the
modified activated carbon. To produce the modified activated
carbon, a 10 wt. % solution of cetyltrimethyl-ammonium
chloride was combined with as-received PICA activated car-
bon, dried 1n air and then dried at 100° C. for about 5 hours to
form a pre-treated activated carbon. Approximately 20 g of
the pre-treated activated carbon was combined with 10 gof a
67 wt. % aqueous solution of sucrose via the incipient wet-
ness technique. After a 12 hour exposure, the mixture was
dried at 100° C. for 5 hours and then heated at 300° C. for 1
hour to form the modified activated carbon. By re-immersing
the modified activated carbon 1n the sucrose solution, the
loading of carbon on the activated carbon substrate (ex-
pressed wt. %/wt. %) was increased.

Referring still to FIG. 5, the percent reduction of 1,3-
butadiene, acrolein and benzene improved for carbon coating
additions up to about 65%. A carbon coating corresponding to
a weight gain of about 135%, however, resulted in a decreased
filtration efficiency for 1,3-butadiene, acrolein and benzene.

The modified activated carbon may be used 1n a variety of
applications, including cigarettes, cut filler compositions and
cigarette filters. In a cigarette comprising the modified acti-
vated carbon, the modified activated carbon particles may be
located 1n the filter and/or dispersed 1n the cut filler. A typical
cigarette will include from about 10 mg to about 200 mg of
the modified activated carbon particles, although the amount
needed can also be determined by routine experimentation
and/or adjusted accordingly. The modified activated carbon
can be used to selectively adsorb/filter specific constituents
from the mainstream smoke of a cigarette.

Examples of suitable types of tobacco materials which may
be used include flue-cured, Burley, Bright, Maryland or Ori-
ental tobaccos, the rare or specialty tobaccos, and blends
thereol. The tobacco material can be provided 1n the form of
tobacco lamina; processed tobacco materials such as volume
expanded or putled tobacco, processed tobacco stems such as
cut-rolled or cut-putfed stems, reconstituted tobacco materi-
als; or blends thereof. Tobacco substitutes may be used.

In cigarette manufacture, the tobacco 1s normally
employed 1n the form of cut filler, 1.e., 1n the form of shreds or
strands cut into widths ranging from about Y10 inch to about
50 1nch or even V4o inch. The lengths of the strands range
from between about 0.25 inches to 3.0 inches. The cigarettes
may further comprise one or more flavorants or other addi-
tives (e.g., burn additives, combustion modifying agents, col-
oring agents, binders, etc.).

Techniques for cigarette manufacture are known 1n the art,
and may be used to incorporate the modified activated carbon.
The resulting cigarettes can be manufactured to any desired
specification using standard or modified cigarette making
techniques and equipment. The cigarettes may range from
about 50 mm to 120 mm 1n length. The circumierence 1s from
about 15 mm to 30 mm 1in circumierence, and preferably
around 25 mm. The packing density 1s typically between the
range of about 100 mg/cm” to 300 mg/cm’, and preferably
about 150 mg/cm” to 275 mg/cm”.

Any conventional or modified cigarette filter may incorpo-
rate the modified activated carbon particles. The modified
activated carbon can incorporated into or onto a support such
as paper (e.g., liner, plug wrap or tipping paper) that is located
along a filter portion of a cigarette. The modified activated
carbon can also be loaded onto a support such as lightly or
tightly folded paper inserted into a hollow portion of the
cigarette filter. The support 1s preferably in the form of a sheet
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material such as crepe paper, filter paper, or tipping paper.
However, other suitable support materials such as organic or
inorganic cigarette compatible materials can also be used.

FIG. 6 1llustrates a cigarette 2 having a tobacco rod 4, a
filter portion 6, and a mouthpiece filter plug 8. Modified
activated carbon particles can be loaded onto folded paper 10
inserted into a hollow cavity such as the interior of a free-flow
sleeve 12 forming part of the filter portion 6. The paper 10 can
be used in forms other than as a folded sheet. For instance, the
paper 10 can be deployed as one or more individual strips, a
wound roll, etc. In whichever form, a desired amount of
modified activated carbon particles can be provided 1n the
cigarette filter portion by adjusting the amount of modified
activated carbon coated per unit area of the paper and/or the
total area of coated paper employed in the filter (e.g., higher
amounts of surface-modified adsorbent can be provided sim-
ply by using larger pieces of coated paper). In the cigarette
shown 1n FIG. 6, the filter portion 6 may be held together by
filter overwrap 11, and the tobacco rod 4 and the filter portion
6 can be joined together with tipping paper 14.

The modified activated carbon can be incorporated into the
filter paper in a number of ways. For example, the modified
activated carbon can be mixed with water to form a slurry. The
slurry can then be coated onto pre-formed filter paper and
allowed to dry. The filter paper can then be imncorporated into
the filter portion of a cigarette 1n the manner shown 1n FIG. 6.
Alternatively, dried paper comprising the modified activated
carbon can be wrapped 1nto a plug shape and nserted into a
filter portion of the cigarette. For example, the paper can be
wrapped 1nto a plug shape and inserted as a plug into the
interior of a free-tlow filter element such as a polypropylene
or cellulose acetate sleeve. In another arrangement, the paper
can comprise an mnner liner of such a free-tlow filter element.

The modified activated carbon can be added to filter paper
during the paper-making process. For example, the modified
activated carbon can be mixed with bulk cellulose to form a
cellulose pulp mixture. The mixture can be then formed into
filter paper.

The modified activated carbon can incorporated in a hol-
low portion of a cigarette filter. For example, some cigarette
filters have a plug/space/plug configuration in which the
plugs comprise a fibrous filter matenal (e.g., polypropylene
or cellulose acetate fibers) and the space 1s simply a void
between the two filter plugs. That void can be filled with the
modified activated carbon. The modified activated carbon can
be used 1n granular form or loaded onto a suitable support
such as a fiber or thread (e.g., the modified activated carbon
can be incorporate in a plug of cellulose acetate tow materal).

FI1G. 7 shows a cigarette 2 comprised of a tobaccorod 4 and
a {ilter portion 6 1n the form of a plug-space-plug filter having
a mouthpiece filter 8, a plug 16, and a space 18. The plug can
comprise a tube or solid piece of material such as polypropy-
lene or cellulose acetate fibers. The tobacco rod 4 and the filter
portion 6 are joined together with tipping paper 14. The filter
portion 6 may include a filter overwrap 11. Modified activated
carbon particles can be incorporated in and/or on the filter
overwrap 11 such as by being coated thereon. Alternatively,
the modified activated carbon particles can be incorporated in
the mouthpiece filter 8, 1in the plug 16 and/or 1n the space 18.
Moreover, the modified activated carbon can be incorporated
in any element of the filter portion of a cigarette.

In another embodiment, the modified activated carbon 1s
employed 1 a filter portion of a cigarette for use with a
smoking device as described 1n U.S. Pat. No. 5,692,525, the
entire content of which 1s hereby incorporated by reference.
FIG. 8 illustrates one type of construction of a cigarette 100
which can be used with an electrical smoking device. As
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shown, the cigarette 100 includes a tobacco rod 60 and a filter
portion 62 joined by tipping paper 64. The filter portion 62
preferably contains a tubular free-flow filter element 102 and
a mouthpiece filter plug 104. The free-flow filter element 102
and mouthpiece filter plug 104 may be joined together as a
combined plug 110 with plug wrap 112. The tobacco rod 60
can have various forms incorporating one or more of the
following items: an overwrap 71, another tubular free-flow
filter element 74, a cylindrical tobacco plug 80 preferably
wrapped 1n a plug wrap 84, a tobacco web 66 comprising a
base web 68 and tobacco flavor material 70, and a void space
91. The free-tflow filter element 74 provides structural defini-
tion and support at the tipped end 72 of the tobacco rod 60. At
the free end 78 of the tobacco rod 60, the tobacco web 66
together with overwrap 71 are wrapped about cylindrical
tobacco plug 80. Various modifications can be made to a filter
arrangement for such a cigarette incorporating the modified
activated carbon.

In such a cigarette, the modified activated carbon can be
incorporated 1n various ways such as by being loaded onto
paper or other substrate material that 1s fitted into the passage-
way of the tubular free-tlow filter element 102 therein. The
modified activated carbon may also be deployed as a liner or
a plug 1n the interior of the tubular free-tlow filter element
102. Alternatively, or 1n addition, the modified activated car-
bon can be incorporated 1nto the fibrous wall portions of the
tubular free-flow filter element 102 itself. For instance, the
tubular free-flow filter element or sleeve 102 can be made of
suitable materials such as polypropylene or cellulose acetate
fibers and the modified activated carbon can be mixed with
such fibers prior to or as part of the sleeve forming process.

The modified activated carbon can be incorporated into the
mouthpiece filter plug 104 instead of 1n the element 102.
However, as in the previously described embodiments, the
modified activated carbon may be incorporated into more
than one component of a filter portion such as by being
incorporated into the mouthpiece filter plug 104 and 1nto the
tubular free-tflow filter element 102. The filter portion 62 of
FIG. 8 can be modified to create a void space into which the
modified activated carbon particles can be inserted.

As explained above, the modified activated carbon can be
incorporated 1n various support materials. When the modified
activated carbon particles are used 1n filter paper, the particles
may have an average particle size of 10 to 100 microns,
preferably 30 to 80 microns. When the surface-modified
adsorbent 1s used 1n filter fibers or other mechanical supports,
larger particles may be used. Such particles preferably have a
mesh si1ze from 10 to 70, and more preferably from 20 to 50
mesh.

The amount of modified activated carbon employed 1n the
cigarette filter by way of incorporation on a suitable support
such as filter paper and/or filter fibers depends on the amount
ol constituents 1n the tobacco smoke and the amount of con-
stituents desired to be removed. As an example, the filter
paper and the filter fibers may contain from 10% to 50% by
weight of the modified activated carbon particles.

While preferred embodiments have been described, it 1s to
be understood that variations and modifications may be
resorted to as will be apparent to those skilled 1n the art. Such
variations and modifications are to be considered within the
purview and scope of the claims appended hereto.

All of the above-mentioned references are herein incorpo-
rated by reference in their entirety to the same extent as 11 each
individual reference was specifically and individually 1ndi-
cated to be incorporated herein by reference 1n 1ts entirety.
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What 1s claimed 1s:

1. A process for making modified activated carbon, said
modified activated carbon comprising an activated carbon
substrate and a uniform porous carbon membrane formed on
an exposed surface of the activated carbon substrate, the
process comprising:

(1) providing an activated carbon substrate;

(11) pre-treating the activated carbon substrate to make an
exposed surface of the activated carbon substrate sub-
stantially hydrophilic;

(111) coating the pre-treated activated carbon substrate with
a carbon precursor to form a coated activated carbon
substrate; and

(1v) heating the coated activated carbon substrate in an
ox1dizing atmosphere and at a temperature of from about
150° C. to 400° C. to carbonize the carbon precursor to
form the uniform porous carbon membrane,

wherein the carbon membrane has an average thickness
having a standard deviation that 1s less than about 25%
of the average thickness and the carbon membrane has
an average thickness ranging from about 1 micronto 0.1
mm.

2. The process of claim 1, wherein the activated carbon
substrate 1s a substrate selected from the group consisting of
beads, granules and fibers and/or the activated carbon sub-
strate has an average particle size of from about 100 microns
to 5 mm or from about 200 microns to 2 mm.

3. The process of claim 1, wherein the activated carbon
substrate has an average pore size of less than about 500
Angstroms, the activated carbon substrate has a pore size
distribution comprising greater than about 20% micropores
and fewer than about 80% mesopores and/or the activated
carbon substrate has an average surface area of greater than 50
m>/g or greater than 200 m*/g.

4. The process of claim 1, wherein the pre-treating com-
prises spraying the activated carbon substrate with and/or
immersing the activated carbon substrate 1n a solution com-
prising from about 1 to 99 wt. % surfactant wherein the
surfactant optionally comprises cetyltrimethylammonium
chloride and/or the solution optionally comprises from about
1 to 25 wt. % surfactant.

5. The process according to claim 1, further comprising
drying the activated carbon substrate at a temperature of less
than about 120° C. prior to coating and/or further comprising
drying the coated activated carbon substrate at a temperature
of less than about 120° C. prior to carbonizing.

6. The process according to claim 1, wherein the coating
comprises spraying the activated carbon substrate with and/or
immersing the activated carbon substrate 1n a solution com-
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prising the carbon precursor, the solution optionally compris-
ing from about 1 to 99 wt. % carbon precursor or from about
20 to 60 wt. % carbon precursor.

7. The process according to claim 1, wherein the carbon
precursor 1s selected from the group consisting of saccha-
rides, disaccharides, polysaccharides, fructose and ethyl cel-
lulose.

8. The process of claim 1, wherein the coating 1s carried out
to provide from about 1 to 150% by weight of the carbon
precursor 1n and/or on the activated carbon substrate or the
coating 1s carried out to provide from about 20 to 80% by
weight of the carbon precursor in and/or on the activated
carbon substrate.

9. The process of claim 1, wherein the coating 1s carried out
without heating the activated carbon substrate or the coated
activated carbon substrate 1s carbonized at a temperature of
from about 150° C. to 400° C. to form the carbon membrane.

10. The process of claim 1, wherein the modified activated
carbon has an average surface pore size that 1s at least 10%
less than or at least 25% less than the average surface pore size
of the activated carbon substrate and/or the modified activated
carbon has an average surface area of at least 50 m*/g or at

least 200 m*/g.

11. The process of claim 1, wherein the carbon membrane
covers at least 80% of the exposed surface of the activated
carbon substrate.

12. The process of claim 1, wherein the modified activated
carbon has an average surface pore size that 1s at least 10%
less than the average surface pore size of the activated carbon
substrate.

13. The process of claim 1, wherein the pre-treating com-
prises spraying the activated carbon substrate with a solution
comprising from about 1 to 25 wt. % cetyltrimethylammo-
nium chloride.

14. The process according to claim 1, further comprising
drying the coated activated carbon substrate at a temperature
of less than about 120° C. prior to carbonizing.

15. The process according to claim 1, wherein the coating
comprises spraying the activated carbon substrate with a solu-
tion comprising the carbon precursor, the solution comprising
about 20 to 60 wt. % carbon precursor.

16. The process according to claim 1, wherein the pre-
treating consists of treating the activated carbon substrate
with a solution or emulsion consisting of a surfactant and a
solvent.
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